(1) was prepared from the commercially available compound, dimethyl-5-aminoisophthalate, following a literature procedure. α,αꞌ-Dihydroxy-3-azido-m-xylene (2, 1.70 g, 9.49 mmol) was dissolved in dry CH 2 Cl 2 (80 mL) under and atmosphere of N 2 . This solution was stirred and cooled in an ice bath for 30 min prior to the addition of neat PBr 3 (2.50 mL, 26.4 mmol) over 10 min via syringe. The reaction mixture was removed from the ice bath and the reaction progress was monitored by recording 1 H NMR spectra of aliquots that were removed and processed as described below for the initial work-up of the full reaction mixture. After 20 h, an additional 0.5 mL of PBr 3 (5.28 mmol) was added and the reaction mixture was stirred for 5 h prior to being poured into ice and water (150 mL). The organic layer was separated and the aqueous solution was extracted with CH 2 Cl 2 (150 mL). The combined organic layers were washed with H 2 O (2 x 100 mL) before drying over MgSO 4 and evaporating under reduced pressure (note that aliquots were similarly processed while monitoring the reaction). This procedure provided a yellow oil that crystallized while standing overnight. The crude product was extracted with hexanes (2 x 250 mL), and the resulting solutions were combined and evaporated to provide the pure product 3 as white crystals (2.09 g, 73 % yield). 1 
Routine 1D and 2D NMR Characterization
Nuclear magnetic resonance spectroscopy (NMR) was performed using a Bruker Avance III spectrometer with a 500 MHz working frequency for 1 H nuclei and 125 MHz for 13 C nuclei.
Diffusion-ordered NMR spectra were recorded using an Agilent DD2 spectrometer with a 600 . Note that this NMR sample contained a small amount of DMF that was inadvertently introduced via a contaminated pipette bulb while preparing the sample, but this mishap does not affect the DOSY measurement. 
Routine UV-Vis-NIR Characterization
Stock solutions of the octacationic BBR 8+ were prepared by dissolving suitable amounts of the BBR•8PF 6 in air-free MeCN to provide 0.5 or 1 mM concentrations. Syringes were used to dilute these stock solutions to the desired concentrations for measurement prior to stirring over activated Zn dust for 15 min to form dark magenta-purple solutions of the tetraradical tetracation
BBR 4(+•)
. These solutions were filtered and transferred to a 1.0 cm quartz cuvette for recording spectra. Alternatively, solutions of BBR•8PF 6 were reduced inside the cuvette by the addition of the sample reduced using 6 equiv of Cp 2 Co, however, there were features in the visible region of the spectrum that increased slightly at higher temperatures. These features are consistent with the presence of unpaired viologen radical cationic units.
7.i. UV-Vis-NIR Monitoring of Titration of BBR 8+ with Cp 2 Co
A solution of BBR•8PF 6 , the broadening may be caused by the slight accessibility of paramagnetic states of the viologens, such as a 3+ or 5+ trisradical state of the rotaxane depending on whether more than or less than 4 equiv of Cp 2 Co has been added. Similarly, a very broad resonance, highlighted above inside a rectangle, is observed after adding 4 equiv of Cp 2 Co, but disappears after the addition of >4 equiv. This broad resonance can be assigned definitively to the biphenylene linker of the square cyclophane based upon variable temperature 1 H NMR studies of BBR
4(+•)
. See Figure S13 for VT NMR. which appears to be at least partially responsible for the decrease in EPR signal intensity in these samples. See Figure S34 for similar experiments employing acetone as the solvent, which was found to better solvate the lower oxidation states of the rotaxane.
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Procedure 2: A microliter syringe was used to titrate a solution of Cp 2 Co in MeCN into a quartz cuvette containing a 0.33 mM solution of BBR• • • •8PF 6 in Me 2 CO. Initially, 4 equiv of Cp 2 Co was added, followed by 1/3 equiv additions until a total of 8 equiv was reached, followed by an additional 6 equiv (14 total). UV-Vis-NIR spectra were recorded after each addition (see Figure  S21) , and aliquots were removed after 4, 5, 6, 7, 8, and 14 equiv. The aliquots were diluted with additional Me 2 CO to provide 0.25 mM concentrations of the rotaxane. The resulting solutions were transferred to quartz EPR tubes and flame sealed prior to collecting EPR spectra at 298 K. 
Cyclic Voltammetry
Samples for cyclic voltammetry were prepared using an electrolyte solution of 0.1 M to the square root of the scan rate, which is consistent with electrochemically reversible redox processes. The more positive redox couple, however, exhibits large separation between E pc and E pa (∆E p = 130 mV at 0.050 V/s) even at low scan rates, which indicates that these reduction and oxidation events do not correspond to a truly reversible redox couple. The observed irreversibility is attributed to 1) the stabilization of the radical state of each viologen unit by pairing of each radical electron, and 2) slow kinetics for the association/dissociation of the diradical square cyclophane and the diradical cyclophane recognition unit of the dumbbell. Figure S38 . Cyclic voltammograms of a 0.125 mM solution of BBR•8PF 6 measured at scan rates of 0.010 -0.50 V/s over a potential window that includes only the more positive redox couple of the rotaxane. Under these conditions, this redox couple exhibits similar behavior to that which is observed ( Figure S26 ) when using a larger potential window. 
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